Introduction
============

The central place of work for an ENT (Ear, Nose and Throat) physician is the ENT unit. This unit contains various examination instruments and medical devices for flushing and aspirating. In contrast to dental units, all clean instruments are stored uncovered in the ENT unit. Once used on a patient, instruments are placed in a separate box; they are reprocessed after usage or at the end of the day (Guideline of the German Society of Hospital Hygiene \[[@R1]\], recommendation of local health authority Frankfurt, Germany \[[@R2]\]) or after one week (recommendation of Atmos^©^, manufacturer of ENT units).

During an ENT examination process, usually four to six different instruments are necessary. This means that the physician has to take out each clean instrument individually during the workflow. This practice may lead to contamination of clean instruments that will be used on a different patient.

Many of the medical devices used by an ENT physician during an examination are classified as either semi-critical A or semi-critical B \[[@R3]\]. Medical devices are categorized as "semi-critical" if they come in contact with non-intact skin or mucosa. Category A devices can be effectively cleaned and safely reprocessed; category B devices have lumens or rough surfaces, reprocessing may affect functional use, or have a limited number of uses. Thus, category B devices have more stringent requirements for reprocessing. According to KRINKO (Commission on Hospital Hygiene and Infection Prevention at the Robert Koch Institute, Germany), this requires, among other things, mechanical reprocessing.

Reprocessed "semi-critical" devices have to be stored in a manner that excludes recontamination \[[@R3]\]. However, this is not the case in current ENT units that use uncovered storage. Patients may cough or vomit during an examination; this is a potential risk of contamination for instruments and surfaces of the unit. This is a particular concern for patients with tracheostomy, due to an increased rate of colonization with pathogens, including multiresistant organisms \[[@R4]\]. The contamination risk may also be increased due to the fact that patients with respiratory infections are often treated by an ENT physician. Thus, precipitation of bacteria in aerosols from the airway is not unlikely.

To the best of our knowledge, there are no studies which analyzed the microbiological contamination of ENT medical devices; the only available data are from dental units \[[@R5]\], \[[@R6]\], \[[@R7]\], \[[@R8]\]. These and similar data contributed to changes in the workflow management for dentists: there are either standardized sets with instruments or the instruments are taken from the storage area when they are needed \[[@R9]\]. This practice definitely leads to higher patient safety; however, its disadvantages are higher costs and consumption of resources.

Our study addresses the question of whether microbiological contamination in an ENT unit during a normal working day might pose a risk for patient safety. Thus, contamination must be analyzed qualitatively and quantitatively.

Methods
=======

Setting
-------

The study was performed in the ENT outpatient clinic of the University Hospital Essen. Each working day, approximately 70 patients are treated in five different treatment rooms. The ENT work stations are produced by Atmos^©^ (Lenzkirch, Germany). The instruments are delivered sterilized but are not stored under sterile conditions. The reprocessing procedures are performed by the central sterile supply department of the University Hospital Essen. After use on a patient, the device is placed in a separate box for disposal. At the end of the working day, the ENT unit is cleaned completely and all residual instruments are reprocessed. The unit itself and the trays are disinfected with a surface disinfectant containing quaternary ammonium compound (Incidin plus^©^, Ecolab, Monheim, Germany). The next morning, the unit is restocked with sterilized instruments.

Environmental sampling
----------------------

Before the beginning of the working day in each treatment unit, 13 swabs were taken from the stored disinfected instruments (Port-A-Cul^©^swab) to obtain baseline data regarding contamination. Only the surfaces of the instruments which might have contact with mucosa were sampled ("semicritical instruments"); the handles of the instruments were not swabbed. Also only unused instruments were sampled. Furthermore, different parts of the worktop were swabbed (see Figure 1 [(Fig. 1)](#F1){ref-type="fig"}). The swabs were analyzed for microbiological contamination, especially skin flora, oral flora, pathogens, and spore-formers. To evaluate bioburden, environmental samples were taken (RODAC^©^ plates 25 cm^2^) at 6 determined sites. The samples were analyzed using standard methods at the hygiene laboratory at the University Hospital Essen \[[@R10]\], \[[@R11]\].

Statistics
----------

Statistical analyses were performed with EXCEL 2013 (Microsoft, USA); figures were prepared with GraphPad Prism (La Jolla, USA). A value of p\<0.05 was considered significant, p\<0.01 as highly significant and p\<0.001 very highly significant.

Results
=======

In total, 305 swabs from the instruments were taken on five different days; 117 were taken at the beginning of a working day, 188 were taken at the end of the day. Each day, three different ENT units were analyzed. At the beginning of the day, 5.9% (7 of 117) of the instruments were microbiologically contaminated. This contamination always consisted of skin flora. Analyzed in detail, it can be stated that six of these seven contaminated instruments belonged to one single working day.

At the end of the working day, 17.0% (32 of 188) of the unused instruments were contaminated with bacteria. This increase is significant (p\<0.01). In most of the cases the contamination was due to skin flora; however, in 1.6% (3 of 188), the contamination was due to aerobic spore-forming bacteria. The contamination was approximately equally distributed among all investigated ENT units. Figure 2 [(Fig. 2)](#F2){ref-type="fig"} shows the contamination rates on each day.

Furthermore, we performed qualitative analysis of the trays and the ENT unit itself. Besides the above mentioned finding of skin flora, we detected aerobic spore-forming bacteria and, in two cases, pathogens. On the workstation, we found *Ralstonia picketii* and *Enterobacter cloacae*. The places of detection are displayed in Figure 1 [(Fig. 1)](#F1){ref-type="fig"}.

For quantitative evaluation of microbial contamination, we performed imprints. In this analysis, 108 samples were taken from trays and surfaces. Of these, 54 samples were taken at the beginning and 54 at the end of the working day. At each time, 6 samples were taken at predefined points. The average contamination at the beginning of the working day was 4 CFU per 25 cm² with a median of 3 CFU/25 cm². At the end of the working day the average contamination was 34 CFU/25 cm² with a median of 29 CFU/25 cm². This increase was significant (p\<0.001). Furthermore, in the morning, no sample was contaminated with more than 30 CFU/cm²; in the afternoon, this was the case in more than 22 (of 54) samples. In one case, there were more than 100 CFU/cm²; in two cases there was a bacterial lawn. The results are summarized in Figure 3 [(Fig. 3)](#F3){ref-type="fig"}.

Discussion
==========

Most of the instruments used for ENT examinations have contact with mucosa, e.g. tongue spatula, mirrors, nose spatula. According to the German guidelines for reprocessing, which are mandatory according to law \[[@R12]\], \[[@R13]\], the ENT instruments must be classified as semi-critical \[[@R3]\]. This designation means that these medical devices must be disinfected after use. In addition, contamination of the reprocessed instruments must be prevented, but this might be difficult to achieve.

Several studies have already dealt with hygiene in ENT facilities and reprocessing of ENT instruments \[[@R14]\], \[[@R15]\], \[[@R16]\], \[[@R17]\], \[[@R18]\], \[[@R19]\], \[[@R20]\]. The current study is the first to evaluate contamination of ENT units or ENT instruments during a working day.

The study has shown that no pathogens or pharyngeal flora were detectable on these medical devices. As described in the methods section, the ENT unit is stocked with instruments by the nursing staff, after the equipment was sterilized by the central sterile supply department. This, of course, can lead to slight bacterial contamination despite performing hand disinfection. The instruments in the ENT unit classified as "semi-critical" were found nearly completely free of bacteria in the morning. Only in one case were 5% of the instruments already contaminated. This was found in one single ENT unit on one single day. It is possible that the nurse performed insufficient hand hygiene during stocking of the ENT unit on that day.

During the working day, the rate of contaminated unused instruments increased significantly up to 17%. In this study, only bacteria belonging to the skin flora were detected. This means that the contamination of the instruments is most likely due to the hands of the ENT physician. The physician repeatedly takes instruments from the unit during examination of the patient. Pathogens were found twice; the bacteria were *Ralstonia pickettii* and *Enterobacter cloacae*. Both pathogens are Gram-negative bacteria and known causative agents of nosocomial infections, for example, sepsis or meningitis (*Ralstonia pickettii*), wound infections or urinary tract infections (*Enterobacter cloacae*). Thus, the presence of these bacteria poses a risk to the patients. The pathogens were detected in the ENT unit. Since all cabins are used by all physicians, we suspect a general problem which is not limited to a specific person. Incorrect hand hygiene seems to be the most likely cause. Thus, it is highly probable that instruments can and will be contaminated by the hands of the physician.

When reviewing the total bacterial count, it is still difficult to evaluate the results because there are no generally accepted limits for the contamination of surfaces in hospitals. Basically, bacterial skin flora can be acceptable on semi-critical instruments, e.g., endoscopes \[[@R3]\].

In the current study, we examined instruments used on mucous membranes. Thus, we see similarities to the standard in food hygiene \[[@R21]\]. In this standard, contamination of 30 CFU/25 cm² is classified as highly contaminated, which is not acceptable for a commercial kitchen. Studies which examine hand-contact surfaces (e.g., handles, switches, stethoscopes, waste bins, telephones, soft furniture and so on) in hospitals describe 65 CFU/cm² or even 125 CFU/cm² as acceptable \[[@R22]\].

Comparing our data with the criteria of the studies mentioned above \[[@R3]\], \[[@R21]\], \[[@R22]\], it is clear that at the beginning of the working day all surfaces (instruments and trays) fulfill the criteria. At the end of the working day, half of the trays were contaminated at a higher level. In a commercial kitchen, this level would not be acceptable \[[@R21]\]. In some cases, contamination was even higher than one would accept for hand-contact surfaces in hospitals. In our opinion, higher standards for semi-critical instruments should be applied than for hand-contact surfaces, because a higher microbial burden may increase the risk of exposure to pathogens.

In principle, this contamination could be avoided with correct hand hygiene. The work flow during an ENT examination has to be interrupted by hand hygiene every time after touching the patient. The physician should perform hand disinfection for 15 seconds before taking an instrument from the clean tray \[[@R23]\], \[[@R24]\]. A problem is that no disinfectant dispensers from the manufacturer are provided in the treatment units. In addition, there is often not enough space to set up a pump dispenser. However, using a wall dispenser will lead to additional disruptions of the workflow, which might promote noncompliance with hygienic hand disinfection.

With regard to the requirements in the dental field, the question arises whether it may be necessary to transfer these to ENT. We estimate the risk of infection in the field of dentistry to be significantly higher for two reasons:

Dental procedures are often associated with injuries of the mucous membranes and bleeding, which is usually not the case in the ENT examination;The contamination risk in the dental sector is significantly increased, as the treatments are often associated with the formation of aerosols \[[@R5]\].

Our study has some limitations. First, we only took samples from small surfaces. The swabbed surface from an instrument is very small, only a few cm² which may lead to a sampling error. This may be the reason why we did not find major contamination on instruments. Furthermore, we did not analyze for viruses, although viruses causing upper respiratory infections remain infectious on surfaces (e.g., about 24 hours for rhinoviruses ) \[[@R25]\]. Taking into consideration that patients with respiratory infections are common in ENT outpatient clinics, there is a potential risk of a viral infection due to the open storage.

In our study, the instruments were reprocessed at the latest at the end of the day and the surfaces were disinfected. This is also recommended by the German Society for Hospital Hygiene \[[@R1]\]. However, in many units, it is common to use instruments for seven days before reprocessing. This procedure is not acceptable, as shown by our data. Furthermore, the replacement of instruments every 24 hours is associated with risks. Thus, we conclude that the mandatory guidelines of the Commission of Hospital Hygiene and Infection Prevention at the Robert Koch Institute in Germany (KRINKO) and the Medical Devices Act for semi-critical medical devices are not being followed. It should be noted that every patient has to be examined with properly reprocessed instruments. Although no acute risk to patients were found in this study, we cannot rule it out in the long term. Thus, new concepts are needed.
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